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TITANIUM DIOXIDE PIGMENT AND
MANUFACTURING METHOD

Titanium dioxide pigments are used in connection with
coating formulations (including paint and ink formulations),
paper compositions, polymer compositions and other prod-
ucts. Such pigments are generally produced in powder form
with specific properties and characteristics depending on the
final application.

Titanium dioxide is a very effective, white opacifying pig-
ment. It can be manufactured by either the sulfate process or
the chloride process.

In the sulfate process for manufacturing titanium dioxide,
atitanium slag ore is dissolved in sulfuric acid to form titanyl
sulfate. The titanyl sulfate is then hydrolyzed to form hydrous
titanium dioxide. The hydrated titanium dioxide is heated in a
calciner to grow titanium dioxide crystals to pigmentary
dimensions.

In the chloride process for manufacturing titanium dioxide,
a dry titanium dioxide ore is fed into a chlorinator together
with coke and chlorine to produce a gaseous titanium halide
(such as titanium tetrachloride). The produced titanium
halide is purified and oxidized in a specially designed reactor
at a high temperature to produce titanium dioxide particles
having a desired particle size. Aluminum chloride is typically
added to the titanium halide in the oxidation reactor to facili-
tate rutile formation and control particle size. The titanium
dioxide and gaseous reaction products are then cooled, and
the titanium dioxide particles are recovered.

Whether produced by the sulfate process or the chloride
process, the produced titanium dioxide particles are typically
coated with one or more hydrous metal oxide inorganic mate-
rials to modify or enhance the properties and characteristics
of the pigment for particular applications. For example, the
pigment particles are often coated with compounds that func-
tion to improve the opacity, light stability and durability of the
pigment. Examples of hydrous metal oxide inorganic mate-
rials used to coat titanium dioxide pigments include alumina
and silica.

A primary property that a titanium dioxide pigment con-
tributes to paint, paper, plastic and other products is hiding
power. The hiding power of a titanium dioxide pigment is
based on the ability of the pigment to scatter light in the base
product (for example, a paint formulation) to which it is
added. The ability of the pigment to scatter light in the base
product to which it is added (the “light scattering efficiency”)
of the pigment depends on various factors, including the
particle size of the pigment, the difference in refractive index
of'the pigment particles and their surroundings (for example,
a large difference in the refractive index of the pigment par-
ticles and the base product results in high scattering effi-
ciency), and the proximity of the pigment particles to one
another. These factors have been addressed in various ways
with varying degrees of success.

A potential problem that is associated with the use of
titanium dioxide pigments in aqueous based coating formu-
lations (such as aqueous based paint formulations) is the
tendency of the pigment particles to agglomerate in the coat-
ing formulations. Agglomeration of the pigment particles in
an aqueous based coating formulation can adversely impact
desirable properties of the pigment including the opacity,
brightness, tint strength and other optical properties of the
pigment.

For example, problematic pigment agglomeration in aque-
ous based paint formulations often occurs after a paint film
has been applied to a substrate and while the paint film dries.
This phenomenon, sometimes referred to as optical crowd-
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ing, can decrease the light scattering efficiency of the pigment
particles. Consequently, the tint strength of the pigment can
be diminished.

The problem of agglomeration of the pigment particles in
an aqueous based coating formulation is exacerbated when
the pigment is utilized in the coating formulation at a high
pigment volume concentration (“PVC”). When the PVC of
the pigment in the coating formulation increases to a certain
level, the light scattering efficiency of the pigment can sub-
stantially decrease. Athigh PVC values, the pigment particles
are closer to one another which results in an overlap of the
respective light scattering cross-sections of the particles and
thereby reduces the light scattering efficiency of the dispersed
pigment. In addition to the light scattering efficiency of the
pigment, the optical crowding effect can also decrease the
light stability, brightness and opacity of the pigment.

Various techniques have been utilized in an attempt to
diminish the optical crowding effect and address the other
problems noted above. For example, fillers and extenders
such as clay, calcium carbonate, alumina and silica have been
added to aqueous based coating formulations to space adja-
cent pigment particles apart from one another. Hollow sphere,
opaque polymers have been added to aqueous based coating
formulations to create air voids in the formulations that func-
tion to space the pigment particles apart. Also, pigment par-
ticles have been coated with certain inorganic compounds
that function to modify the surface properties of the particles
in a manner that discourages agglomeration of the particles.

Although such techniques have been utilized with varying
degrees of success, there is still room for improvement.

BRIEF SUMMARY OF THE INVENTION

In one aspect, the invention provides a titanium dioxide
pigment. The titanium dioxide pigment comprises a plurality
of'titanium dioxide particles, and a polymer deposited on the
titanium dioxide particles for inhibiting agglomeration of the
titanium dioxide particles in an aqueous based coating for-
mulation. The titanium dioxide particles have anchoring moi-
eties associated therewith for facilitating anchoring of a poly-
mer to the particles. The polymer is a copolymer having
anchoring groups for attaching to the anchoring moieties
associated with the titanium dioxide particles, and hydropho-
bic end groups for attaching to the resin of the coating for-
mulation.

In another aspect, the invention provides a method of
manufacturing a titanium dioxide pigment. The method com-
prises: (a) manufacturing titanium dioxide particles; (b) treat-
ing the titanium dioxide particles to associate anchoring moi-
eties with the particles for facilitating anchoring of a polymer
to said particles; and (c) depositing a polymer on the titanium
dioxide particles for inhibiting agglomeration of the particles
in an aqueous based coating formulation. The polymer is a
copolymer having anchoring groups for attaching to the
anchoring moieties associated with the titanium dioxide par-
ticles, and hydrophobic end groups for attaching to the resin
of the coating formulation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates the interaction of the anti-
agglomeration polymer of the inventive titanium dioxide pig-
ment with the titanium dioxide particles of the pigment and
the resin in an aqueous based coating formulation.

FIG. 2 is identical to FIG. 1 except that it also shows
operation of the pigment surfactant 40 to enhance the propen-
sity of the anti-agglomeration polymer to attach to the tita-
nium dioxide particles.
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FIG. 3A schematically illustrates an aqueous based paint
film that has been applied to a substrate and allowed to dry.
The paint film in FIG. 3A includes a titanium dioxide pigment
that does not include an anti-agglomeration polymer. As
shown, problematic pigment particle agglomeration has
occurred.

FIG. 3B also schematically illustrates an aqueous based
paint film that has been applied to a substrate and allowed to
dry. The paint film in FIG. 3B, however, includes a titanium
dioxide pigment that comprises an anti-agglomeration poly-
mer in accordance with the invention. As shown, significantly
less pigment particle agglomeration has occurred.

DETAILED DESCRIPTION

The invention includes a titanium dioxide pigment, and a
method of manufacturing a titanium dioxide pigment.

As used herein and in the appended claims, an aqueous
based coating formulation is a coating formulation that
includes an aqueous based solvent and a resin. For example,
the aqueous based coating formulation can be an aqueous
based paint formulation or an aqueous based ink formulation.
The aqueous based coating formulation is used to apply a
coating on a substrate such as a wall of a structure or a piece
of paper. The resin of the aqueous based coating formulation
is the synthetic or natural resin that functions as the binder of
the coating formulation. For example, the resin in the aqueous
based coating formulation can be an acrylic resin, a vinyl
acrylic resin or a styrene acrylic resin. In one embodiment, the
aqueous based coating formulation is an aqueous based paint
formulation.

The inventive titanium dioxide pigment comprises a plu-
rality of titanium dioxide particles, and a polymer deposited
on the titanium dioxide particles for inhibiting agglomeration
of'the titanium dioxide particles in an aqueous based coating
formulation. As used herein and in the appended claims,
unless stated otherwise, “deposited on the titanium dioxide
particles” means the subject component (for example, the
polymer) is deposited directly or indirectly on the titanium
dioxide particles.

Any type of titanium dioxide particles can be used as the
titanium dioxide particles of the inventive titanium dioxide
pigment. For example, the titanium dioxide particles can be
manufactured by either the sulfate process or the chloride
process. In one embodiment, the titanium dioxide particles
are rutile titanium dioxide particles manufactured by the
chloride process.

The titanium dioxide particles of the inventive titanium
dioxide pigment can contain alumina as part of their lattice
structure. For example, aluminum chloride can be added to
the reactants as a rutilization aid during the vapor phase
oxidation step if the chloride process is used to manufacture
the pigment. When present during the oxidation reaction, the
aluminum chloride imparts alumina into the lattice structure
of the pigment.

Other components can be incorporated into the titanium
dioxide particles during the base manufacturing process as
well. For example, inorganic oxides formed during the oxi-
dation step of the chloride process can be included in the
pigment for various purposes such as particle size control.

Regardless of the type of titanium dioxide particles uti-
lized, the particles have anchoring moieties associated
therewith for facilitating anchoring of the polymer to the
particles. As used herein and in the appended claims, stating
that the anchoring moieties are “associated with” the titanium
dioxide particles means that the anchoring moieties are
formed directly on the surfaces of the particles and/or on the
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surface(s) of one or more coatings that have been deposited on
the surfaces of the titanium dioxide particles. For example,
the anchoring moieties can be selected from the group con-
sisting of hydroxyl moieties, phosphate moieties and mix-
tures thereof. In one embodiment, the anchoring moieties are
hydroxyl moieties.

The anchoring moieties can be associated with the titanium
dioxide particles in a number of ways. For example, the
titanium dioxide particles can be digested in an alkaline or
acid solution to form hydroxyl moieties on the surfaces of the
titanium dioxide particles and/or any existing coating(s)
thereon.

The anchoring moieties can also be associated with the
titanium dioxide particles and/or any existing coating(s)
thereon by coating the particles with a hydrous metal oxide
coating. The anchoring moieties (for example, hydroxyl or
phosphate moieties) are imparted to the titanium dioxide
particles, any existing coating(s) thereon and/or the hydrous
metal oxide coating that is formed during the coating process.
For example, the deposition of a hydrous metal oxide coating
onto the surfaces of the titanium dioxide particles and/or
any existing coating(s) thereon forms hydroxyl groups on
the surfaces of the titanium dioxide particles, the existing
coating(s) (if present), and/or the new hydrous oxide metal
coating depending on whether or not the existing coating(s)
(if present) and new hydrous metal oxide coating are continu-
ous or partial.

If a continuous hydrous metal oxide coating is formed on
the titanium dioxide particles, the anchoring moieties that
facilitate anchoring of the polymer to the particles will be on
the surface of the coating. On the other hand, if a partial or
patchy hydrous oxide coating is formed on the titanium diox-
ide particles, the anchoring moieties that facilitate anchoring
of'the polymer to the particles may be present on the surfaces
of the titanium dioxide particles and the surface of the new
coating. If one or more coatings (for example, other hydrous
metal oxide coatings) already exist on the titanium dioxide
particles, the anchoring moieties that facilitate anchoring of
the polymer to the particles may be formed on the surfaces of
the titanium dioxide particles, the existing coating(s) and/or
the new hydrous metal oxide coating depending on whether
the existing coating(s) and new coating are continuous or
partial.

The polymer of the inventive titanium dioxide pigment
(hereinafter the “anti-agglomeration polymer™) is a copoly-
mer that has anchoring groups for attaching to the anchoring
moieties associated with the titanium dioxide particles, and
hydrophobic end groups for attaching to the resin of the
coating formulation. The anti-agglomeration polymer has
both a hydrophobic moiety and a hydrophilic moiety. For
example, the molecular weight of the anti-agglomeration
polymer can be in the range of from about 10 kilodaltons to
about 70 kilodaltons. By way of further example, the molecu-
lar weight of the anti-agglomeration polymer can be in the
range of from about 15 kilodaltons to about 50 kilodaltons.
By way of further example, the molecular weight of the
anti-agglomeration polymer is in the range of from about 6
kilodaltons to about 100 kilodaltons.

For example, the anti-agglomeration polymer can include a
polyether based repeating unit and a polyester based repeat-
ing unit, the polyether based repeating unit and the polyester
based repeating unit being linked together. The polyether
based repeating unit can be a polyol. The polyester based
repeating unit can be a hydroxyl terminated polyester.

Examples of polyols that that are useful as the polyether
based repeating unit include polyethyleneglycol, trimethylol-
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propane, pentaerythritol, mannitol, and mixtures thereof. In
one embodiment, the polyether based repeating unit is poly-
ethyleneglycol.

Suitable hydroxyl terminated polyesters for use as the
polyester based repeating unit can be formed by reacting a
polyol with a dicarboxylic acid. In one embodiment, the
polyol reacted with the dicarboxylic acid is polyethylenegly-
col. Examples of suitable dicarboxylic acids include glutaric
acid, adipic acid, azelaic acid and mixtures thereof.

In one embodiment, the polyether based repeating unit and
the polyester based repeating unit are linked together by a
urethane linkage. For example, the urethane linkage is a diiso-
cyanate. By way of further example, the urethane linkage is
an aliphatic diisocyanate. An example of a suitable aliphatic
diisocyanate is isophorone diisocyanate.

In one embodiment, the hydrophobic end groups of the
anti-agglomeration polymer for attaching the polymer to the
resin of the coating formulation have the general formula:

H—(OCH,CH,),—O—CH,(CH,),CH,—R o)

wherein:

x=2 to 20;

y=5to 10; and

R is a hydrogen group or a phenyl group.
For example, the hydrophobic end groups can be oligomers of
ethyleneglycol alkyl ethers. Examples of suitable oligomers
of ethyleneglycol alkyl ethers include heptaethyleneglycol
dodecyl ether, dodecaethyleneglycol dodecyl ether, pentade-
caethyleneglycol dodecyl ether and mixtures thereof. In one
embodiment, the hydrophobic end groups are dodecaethyl-
eneglycol dodecyl ether.

For example, the anti-agglomeration polymer can com-
prise in the range of from about 50% to about 80% by weight
of the polyether based repeating unit, in the range of from
about 5% to about 40% by weight of the polyester based
repeating units, and in the range of from about 0.5% to about
15% by weight of the hydrophobic end groups. By way of
further example, the anti-agglomeration polymer can com-
prise in the range of from about 60% to about 70% by weight
of the polyether based repeating unit, in the range of from
about 15% to about 40% weight of the polyester based repeat-
ing units, and in the range of from about 2% about 10% by
weight of the hydrophobic end groups.

For example, the anti-agglomeration polymer can be a
random copolymer of polyether based polyurethanes and
polyester based polyurethanes having end groups that are
oligomers of ethyleneglycol alkyl ethers. Examples of such
copolymers include a polyethyleneglycol based adipate with
heptaethyleneglycol dodecyl ether as end groups, a polyeth-
yleneglycol based adipate with dodecaethyleneglycol dode-
cyl ether as end groups, and a polyethyleneglycol based
azileate with pentadecaethyleneglycol dodecyl ether as end
groups. In one embodiment, the anti-agglomeration polymer
is a polyethyleneglycol based adipate with heptaethylenegly-
col dodecyl ether as end groups.

In order to enhance the propensity of the anti-agglomera-
tion polymer to attach to the titanium dioxide particles, the
inventive titanium dioxide pigment can also include a non-
ionic surfactant deposited on the titanium dioxide particles. In
one embodiment, the non-ionic surfactant (hereinafter the
“pigment surfactant™) is deposited on the titanium dioxide
particles before the anti-agglomeration polymer is deposited
on the particles.

For example, the “pigment surfactant” can be a hydrocar-
bon having in the range of 10 to 20 carbon atoms. In one
embodiment, the pigment surfactant is a hydrocarbon having
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in the range of 12 to 18 carbon atoms. For example, the
pigment surfactant can be a hydrocarbon having in the range
of 15 to 18 carbon atoms.

For example, the pigment surfactant can be a saturated
aliphatic hydrocarbon, an unsaturated aliphatic hydrocarbon
having one or more double bonds, an unsaturated aliphatic
hydrocarbon having one or more ethoxylated hydrocarbon
chains, or a mixture of such compounds. The pigment surfac-
tant can include one or more functional groups selected from
the group of amines, amides, carboxylates, esters, hydroxyls,
phosphates, silanes, sulfonates, and thiols. In one embodi-
ment, the pigment surfactant has a hydrophilic-lipophilic bal-
ance of 10 to 18. For example, the pigment surfactant can
have a hydrophilic-lipophilic balance of 10 to 16. By way of
further example, the pigment surfactant can have a hydro-
philic-lipophilic balance of 12 to 18.

Specific examples of non-ionic surfactants that can be uti-
lized as the pigment surfactant of the inventive titanium diox-
ide pigment include polyethyleneglycol monoether with oleic
acid; alcohol ethoxylates; and block copolymers of polyeth-
yleneglycol and polypropyleneglycol. Examples of commer-
cially available non-ionic surfactants that can be utilized as
the pigment surfactant of the inventive titanium dioxide pig-
ment include ECOSURF™ [F-45 (a non-ionic secondary
alcohol alkoxylate surfactant sold by The Dow Chemical
Company); PLURONIC® P-123 (a di-functional non-ionic
block copolymer surfactant terminating in primary hydroxyl
groups sold by BASF Corporation); AGNIQUE® PG 9116
(an alkyl polyglycoside surfactant sold by Cognis Corpora-
tion); ENVIROGEM® 2010 (a multifunctional surfactant
sold by Air Products and Chemicals, Inc.); and CAR-
BOWET® 13-40 (a multifunctional surfactant sold by Air
Products and Chemicals, Inc.).

In one embodiment, the pigment surfactant is deposited on
the pigment in an amount in the range of from about 0.1 to
about 5% by weight, based on the total weight of the pigment.
For example, the pigment surfactant can be deposited on the
pigment in an amount in the range of from about 0.1 to about
2% by weight, based on the total weight of the pigment. By
way of further example, the pigment surfactant is deposited
on the pigment in an amount in the range of from about 0.1 to
about 0.5% by weight, based on the total weight of the pig-
ment.

In another embodiment, the inventive titanium dioxide pig-
ment also includes one or more hydrous metal oxide inor-
ganic materials deposited onto the surfaces of the titanium
dioxide particles in order to modify or enhance the properties
and characteristics of the pigment for particular applications.
As stated above, coating the titanium dioxide particles with
one or more hydrous metal oxides can impart the anchoring
moieties (for example, hydroxyl and/or phosphate moieties)
to the treated pigment that facilitate anchoring of the polymer
(directly or indirectly) to the titanium dioxide particles.

The hydrous metal oxide inorganic materials deposited
onto the surfaces of the titanium dioxide particles in order to
modify or enhance the properties and characteristics of the
pigment for particular applications (hereinafter “pigment
coating materials”) are deposited on the titanium dioxide
polymers before the anti-agglomeration polymer is deposited
on the polymers. Examples of pigment coating materials that
can be utilized include metal oxides and metal hydroxides
such as alumina, aluminum phosphate, silica, zirconia, titania
and mixtures thereof. For example, one or more pigment
coating materials can be deposited onto the pigment particles
to improve the opacity, light stability and durability of the
pigment. By way of further example, one or more pigment
coating materials can be used to achieve a desired balance of
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pigment opacity and flow characteristics. As another
example, one or more pigment coating materials can be used
to improve the wetting and dispersing properties of the pig-
ment.

In one embodiment, one or more pigment coating materials
selected from the group of alumina and silica are deposited on
the titanium dioxide particles. Silica can be used, for
example, to impart improved resistance to the deleterious
effects of ultraviolet light in end-use applications, or to fur-
ther enhance the hiding power of the pigment. Alumina can be
used, for example, to ensure smooth processing through fil-
tration, drying, and fluid energy milling, as well as to impart
improved dispersibility characteristics to the finished pig-
ment in end-use applications.

Silicon dioxide (for example, a dense silicon dioxide coat-
ing) can be used, for example, to improve the durability and
resin compatibility of the pigment. An aluminum oxide coat-
ing can be used on top of the silicon dioxide coating, for
example, to improve opacifying properties and resin compat-
ibility in paint applications. Aluminum phosphate, related
phosphate salts and mixtures thereof can be used, for
example, as an alternative to silicon dioxide to provide
improved pigment durability. An aluminum oxide coating can
be placed on top of the aluminum phosphate coating, as
discussed above.

For example, the pigment coating material(s) can be
included in the inventive titanium dioxide pigment in an
amount in the range of from about 0.5% by weight to about
15% by weight, based on the total weight of the pigment.

The inventive method of manufacturing a titanium dioxide
pigment comprises the steps of:

(a) manufacturing titanium dioxide particles;

(b) treating said titanium dioxide particles to associate
anchoring moieties with said particles for facilitating
anchoring of a polymer to said particles; and

(c) depositing a polymer on the titanium dioxide particles
for inhibiting agglomeration of the particles in an aque-
ous based coating formulation, wherein said polymer is
a copolymer having anchoring groups for attaching to
said anchoring moieties associated with said titanium
dioxide particles, and hydrophobic end groups for
attaching to the resin of said coating formulation.

Any type of titanium dioxide particles can be manufactured
in accordance with the inventive method. For example, the
titanium dioxide particles can be manufactured by either the
sulfate process or the chloride process. In one embodiment,
step (a) comprises manufacturing rutile titanium dioxide par-
ticles by the chloride process.

Methods for manufacturing titanium dioxide particles by
the sulfate process and the chloride process are well known to
those skilled in the art. For example, in the sulfate process, a
titanium slag ore is dissolved in sulfuric acid to form titanyl
sulfate. The titanyl sulfate is then hydrolyzed to form hydrous
titanium dioxide. The hydrated titanium dioxide is heated in a
calciner to grow titanium dioxide crystals to pigmentary
dimensions. For example, in the chloride process, a dry tita-
nium dioxide ore is fed into a chlorinator together with coke
and chlorine to produce a gaseous titanium halide (such as
titanium tetrachloride). The produced titanium halide is puri-
fied and oxidized in a specially designed reactor at a high
temperature to produce titanium dioxide particles having a
desired particle size. The titanium dioxide and gaseous reac-
tion products are then cooled, and the titanium dioxide par-
ticles are recovered.

For example, in the chloride process, aluminum chloride
can be added to the reactants as a rutilization aid and particle
size control agent along with the titanium halide (for
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example, the titanium tetrachloride) during the vapor phase
oxidation step of the manufacturing process. The aluminum
chloride imparts alumina into the lattice structure of the pig-
ment. Other co-oxidants can be used as well. Other hydrous
metal oxide oxides formed during the oxidation step can be
included in the pigment for various purposes such as particle
size control.

As discussed above, the titanium dioxide particles can be
treated to associate anchoring moieties with the particles for
facilitating anchoring of a polymer to the particles in a num-
ber of ways. For example, the titanium dioxide particles can
be digested in an alkaline or acid solution to impart hydroxyl
moieties to the particles. The pigment can be subsequently
washed to remove excess salts formed during this process.
The anchoring moieties can also be associated with the tita-
nium dioxide particles by coating the particles with one or
more hydrous metal oxide inorganic materials, as discussed
above and further below. For example, the anchoring moieties
can be selected from the group consisting of hydroxyl moi-
eties, phosphate moieties and mixtures thereof. In one
embodiment, the anchoring moieties are hydroxyl moieties.

The polymer deposited on the titanium dioxide particles in
accordance with the inventive method is the anti-agglomera-
tion polymer of the inventive titanium dioxide pigment, as
described above.

The anti-agglomeration polymer can be deposited on the
titanium dioxide particles during the pigment manufacturing
process. As used herein and in the appended claims, “during
the pigment manufacturing process” means after the base
titanium dioxide particles are formed in a manufacturing
plant and before the pigment particles are transported from
the manufacturing plant to another destination.

The anti-agglomeration polymer can be deposited on the
titanium dioxide particles by, for example, adding a solution
of'the polymer (for example, an aqueous solution containing
30% by weight of the anti-agglomeration polymer, based on
the weight of the solution) to the drier feed of the pigment in
the pigment drying step after the pigment is washed. Such a
polymer solution can also be added to the pigment before or
after the particle size of the pigment is reduced (for example,
by micronization) to the desired particle size distribution.

In one embodiment, the anti-agglomeration polymer is
deposited on the pigment in an amount in the range of from
about 0.05% to about 2% by weight, based on the total weight
of'the pigment. For example, the anti-agglomeration polymer
can be deposited on the pigment in an amount in the range of
from about 0.05% to about 1% by weight, based on the total
weight of the pigment. By way of further example, the anti-
agglomeration polymer is deposited on the pigment in an
amount in the range of from about 0.05% to about 0.5% by
weight, based on the total weight of the pigment.

In one embodiment of the inventive method, a non-ionic
surfactant is deposited on the titanium dioxide particles to
enhance the propensity of the anti-agglomeration polymer to
attach to the titanium dioxide particles. The non-ionic surfac-
tant deposited on the titanium dioxide particles in accordance
with the inventive method is the pigment surfactant of the
inventive titanium dioxide pigment, as described above.

The pigment surfactant can also be deposited on the tita-
nium dioxide particles during the pigment manufacturing
process. For example, the pigment surfactant can be depos-
ited on the titanium dioxide particles during the pigment
manufacturing process before the anti-agglomeration poly-
mer is deposited on the titanium dioxide particles. Deposition
of the pigment surfactant on the titanium dioxide particles
before the anti-agglomeration polymer is deposited on the
titanium dioxide particles can increase the effectiveness of
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the pigment surfactant in enhancing the propensity of the
anti-agglomeration polymer to attach to the titanium dioxide
particles.

The pigment surfactant can be deposited on the titanium
dioxide particles by, for example, spraying a solution of the
pigment surfactant (for example, an aqueous solution con-
taining 70% by weight of the pigment surfactant, based on the
weight of the solution) onto the titanium dioxide particles.
The pigment surfactant can also be deposited on the titanium
dioxide particles by adding such a solution to the drier feed of
the pigment after the pigment is washed, or to the pigment
before or after the particle size of the pigment is reduced (for
example, by micronization) to the desired particle size distri-
bution.

In one embodiment, the pigment surfactant is deposited on
the pigment in an amount in the range of from about 0.1 to
about 5% by weight, based on the total weight of the pigment.
For example, the pigment surfactant can be deposited on the
pigment in an amount in the range of from about 0.1 to about
2% by weight, based on the total weight of the pigment. By
way of further example, the pigment surfactant is deposited
on the pigment in an amount in the range of from about 0.1 to
about 0.5% by weight, based on the total weight of the pig-
ment.

In another embodiment, the inventive method further com-
prises the step of depositing one or more pigment coating
materials onto the titanium dioxide particles to modify or
enhance the properties and characteristics of the pigment for
particular applications. As stated above, this step can be used
to associate the anchoring moieties (for example, hydroxyl or
phosphate moieties) with the titanium dioxide particles.
Examples of pigment coating materials and uses thereof are
discussed above and further below.

The pigment coating material(s) can also be deposited on
the titanium dioxide particles during the pigment manufac-
turing process. For example, the pigment coating material(s)
can be deposited on the titanium dioxide particles during the
pigment manufacturing process before the pigment surfactant
(ifused) and anti-agglomeration polymer are deposited on the
titanium dioxide particles. The pigment coating material(s)
can be deposited on the titanium dioxide particles, for
example, in an in situ precipitation process, as described
below.

For example, the pigment coating material(s) can be added
to the titanium dioxide pigment in an amount in the range of
from about 0.2% by weight to about 20% by weight, based on
the total weight of the pigment. By way of further example,
the pigment coating material(s) can be added to the titanium
dioxide pigment in an amount in the range of from about 0.5%
by weight to about 12% by weight, based on the total weight
of the pigment. In one embodiment, the pigment coating
material(s) are added to the titanium dioxide pigment in an
amount in the range of from about 1.0% by weight to about
15% by weight, based on the total weight of the pigment.

In one embodiment, the inventive method includes the
steps of:

(a) manufacturing titanium dioxide particles, as described
above;

(b) reducing the particle size of the titanium dioxide par-
ticles;

(c) depositing one or more pigment coating materials onto
the titanium dioxide particles, as described above;

(d) recovering the treated titanium dioxide particles;

(e) washing the treated titanium dioxide particles to
remove salts and impurities, therefrom;

(f) depositing the pigment surfactant on the titanium diox-
ide particles, as described above;
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(g) depositing the anti-agglomeration polymer on the tita-
nium dioxide particles, as described above;

(h) drying the washed titanium dioxide particles;

(1) reducing the particle size of the titanium dioxide par-
ticles to the desired particle size distribution; and

(j) packaging the pigment for shipment from the manufac-
turing plant to another destination.

After the titanium dioxide particles are manufactured in
accordance with step (a), they are mixed into an aqueous
medium to form an aqueous slurry. If necessary or desired, a
dispersing agent such as a polyphosphate can be added to the
aqueous slurry to facilitate distribution of the titanium diox-
ide particles therein.

For example, the titanium dioxide particles can be added to
the aqueous slurry in an amount in the range of from about 5%
by weight to about 65% by weight, based on the total weight
of'the slurry. By way of further example, the titanium dioxide
particles are added to the slurry in an amount in the range of
from about 15% by weight to about 45% by weight, based on
the total weight of the slurry. In one embodiment, the titanium
dioxide particles are added to the aqueous slurry in an amount
in the range of from about 25% by weight to about 40% by
weight, based on the total weight of the slurry.

The particle size of the titanium dioxide particles can then
be reduced in step (b), for example, by a wet milling process.
The aqueous slurry is wet milled to achieve a predetermined
particle size.

As discussed above, depositing one or more pigment coat-
ing materials onto the titanium dioxide particles in accor-
dance with step (c) associates the anchoring moieties (for
example, hydroxyl or phosphate moieties) with the titanium
dioxide particles. The anchoring groups of the polymer
anchor to the anchoring moieties.

Methods by which pigment coating material(s) can be
deposited or co-deposited onto the titanium dioxide particles
are also well known to those skilled in the art. For example,
the pigment coating materials can be precipitated onto the
titanium dioxide particles in situ in the aqueous slurry. In such
a process, for example, the pigment coating material can be
incrementally added to the aqueous slurry as an aqueous
metal oxide salt solution. The pH ofthe slurry can be adjusted
and maintained at a level that causes precipitation of the
pigment coating material to occur.

A dissolved alkali-soluble salt can be included in the solu-
tion, for example, in an amount in the range of from about 5%
by weight to about 40% by weight, based on the total weight
of the solution. For example, the salt can be sodium, potas-
sium or a mixture thereof. In order to control the pH of the
slurry, strong inorganic acids such as hydrochloric acid, nitric
acid, sulfuric acid and salts thereof can be used.

In one embodiment, silica and alumina are deposited onto
the surfaces of the titanium dioxide particles. For example, it
may be advantageous to deposit alumina as the final treatment
layer on the particles.

The treated titanium dioxide particles can then be recov-
ered and washed in accordance with steps (d) and (e) by
methods known to those skilled in the art. For example, the
particles can be recovered by filtration (to form a filter cake of
the particles) and washed using conventional vacuum-type
and/or pressure-type filtration systems. The wet treatment
deposition of the pigment coating material(s) onto the tita-
nium dioxide particles (for example, onto the wet-milled
titanium dioxide particles) helps enable the pigment to be
recovered and washed using conventional vacuum-type and/
or pressure-type filtration systems.

Methods by which the pigment surfactant can be deposited
on the titanium dioxide particles in accordance with step (f)
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are discussed above. By way of further example, the pigment
surfactant can be added to a slurry of the treated titanium
dioxide particles after the particles have been washed in
accordance with step (e) but before the particles are dried and
reduced in size in accordance with steps (h) and (i). Alterna-
tively, for example, the pigment surfactant can be added to the
titanium dioxide particles in accordance with step (f) after the
particles are dried in accordance with step (h) but before the
particles are reduced in size in accordance with step (i). For
example, a solution of the pigment surfactant (for example, an
aqueous solution containing 70% by weight of the pigment
surfactant, based on the weight of the solution) can be sprayed
onto the titanium dioxide particles before the particle size
reduction step. As another alternative, for example, a solution
of the pigment surfactant (for example, an aqueous solution
containing 70% by weight of the pigment surfactant, based on
the weight of the solution) can be sprayed onto the titanium
dioxide particles after the particle size of the particles is
reduced in accordance with step (i) but before the pigment is
packaged in accordance with step (j). If the final titanium
dioxide pigment formed in accordance with the inventive
method is packaged in slurry form, the pigment surfactant can
also be added during formation of the slurry, as described
below.

Methods by which the anti-agglomeration polymer can be
deposited on the titanium dioxide particles in accordance
with step (g) are also discussed above. By way of further
example, the anti-agglomeration polymer can be added to a
slurry of the treated titanium dioxide particles after the par-
ticles have been washed in accordance with step (e) but before
the particles are dried and reduced in size in accordance with
steps (h) and (1). Alternatively, for example, the anti-agglom-
eration polymer can be added to the titanium dioxide particles
in accordance with step (f) after the particles are dried in
accordance with step (h) but before the particles are reduced
in size in accordance with step (i). For example, a solution of
the anti-agglomeration polymer (for example, an aqueous
solution containing 30% by weight of the anti-agglomeration
polymer, based on the weight of the solution) can be sprayed
onto the titanium dioxide particles before the particle size
reduction step. As another alternative, for example, a solution
of the anti-agglomeration polymer (for example, an aqueous
solution containing 30% by weight of the anti-agglomeration
polymer, based on the weight of the solution) can be sprayed
onto the titanium dioxide particles after the particle size of the
particles is reduced in accordance with step (i) but before the
pigment is packaged in accordance with step (j). If the final
titanium dioxide pigment formed in accordance with the
inventive method is packaged in slurry form, the anti-agglom-
eration polymer can also be added during formation of the
slurry, as described below.

In one embodiment, the anti-agglomeration polymer is
deposited on the titanium dioxide particles after the pigment
surfactant is deposited onto the titanium dioxide particles. In
another embodiment, the pigment surfactant and anti-ag-
glomeration polymer are added to the titanium dioxide par-
ticles at the same time. For example, a single solution con-
taining both the pigment surfactant and the anti-
agglomeration polymer in the amounts noted above can be
sprayed onto the titanium dioxide particles.

The pigment surfactant and anti-agglomeration polymer
can also be deposited on the titanium dioxide particles in
more than one step. For example, solutions of the pigment
surfactant and anti-agglomeration polymer can be added to
the drier feed. After stirring (for example, for 15 or 20 min-
utes), individual solutions or a combined solution of the pig-
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ment surfactant and anti-agglomeration polymer can also be
sprayed onto the dried pigment.

The washed titanium dioxide particles can be dried in
accordance with step (h), for example, by vacuum drying,
spin-flash drying, spray drying or other techniques known to
those skilled in the art to produce a dry titanium dioxide
pigment powder. In one embodiment, the titanium dioxide
particles are dried by spray drying the particles.

The particle size of the dried titanium dioxide particles can
be reduced to the desired particle size distribution by, for
example, dry milling the particles. For example, a fluid
energy mill can be used to dry mill the particles. Alternatively,
the dried particles can be reduced to the desired particle size
distribution by steam micronization techniques.

The finished product is then packaged for transportation
from the manufacturing plant to another destination. For
example, the dried and milled finished titanium dioxide pig-
ment can be placed in bags and shipped therein. Alternatively,
an aqueous slurry of the dried and milled finished titanium
dioxide pigment can be formed to contain the desired amount
of pigment and placed and shipped in slurry containers. For
example, a typical final pigment slurry can contain in the
range of from about 70% to about 80% by weight of the
finished titanium dioxide pigment based on the total weight of
the slurry.

Referring now to the drawings and particularly to FIG. 1,
operation of the inventive titanium dioxide pigment 10 in an
aqueous based coating formulation 12 is schematically illus-
trated. The anti-agglomeration polymer 14 of the pigment 10
is deposited on the titanium dioxide particles 20 (for example,
directly on the particles via anchoring moieties on the sur-
faces of'the particles or indirectly on the particles via anchor-
ing moieties on an hydrous metal oxide coating that is depos-
ited on the particles). The anchoring groups 23 of the anti-
agglomeration polymer 14 interact with the anchoring
moieties associated with the titanium dioxide particles and
attach the polymer (directly or indirectly) to the titanium
dioxide particles 20. The hydrophobic end groups 28 of the
anti-agglomeration polymer 14 interact with the resin par-
ticles 30 in the aqueous based paint formulation 12 to form a
network 34 therein. The end result is that the anti-agglomera-
tion polymer 14 of the inventive titanium dioxide pigment 10
results in a more uniform distribution of the titanium dioxide
particles 10 in the aqueous based coating formulation 12.

FIG. 2 is identical to FIG. 1 except that it also shows
operation of the pigment surfactant 40 to enhance the propen-
sity of the anti-agglomeration polymer 14 to attach (directly
or indirectly) to the titanium dioxide particles 20.

FIG. 3A illustrates an aqueous based paint film 50 that has
been applied to a substrate 52 and allowed to dry. The paint
film 50 includes a titanium dioxide pigment 54 that does not
comprise an anti-agglomeration polymer. As shown, the tita-
nium dioxide particles 56 of the pigment 54 are agglomerated
together in the paint film 50 which can decrease the light
scattering efficiency and lower the tint strength of the pigment
particles.

FIG. 3B also illustrates an aqueous based paint film 50 that
has been applied to a substrate 52 and allowed to dry. In this
case, however, the paint film 50 includes the inventive tita-
nium dioxide pigment 10 which includes an anti-agglomera-
tion polymer 14. As shown, less agglomeration of the tita-
nium dioxide particles 20 of the inventive pigment 10 has
occurred which will result in a good light scattering efficiency
and higher tint strength of the pigment.

While not intending to be bound by any particular theory of
operation, it is believed that effectiveness of the anti-agglom-
eration polymer 14 of the inventive titanium dioxide pigment
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10 is due to a number of factors. The nature and number of the
anchoring groups of the polymer 14 (for example, carbonyl,
hydroxyl, alkoxy or amine groups) allows the polymer to
effectively bind to the pigment particles 20. The hydrophobic
end groups form micelles which interact with the surfaces of
the resin particles. The network 34 formed by interaction of
the hydrophobic end groups 28 of the polymer 14 with the
resin particles 30 of the aqueous based paint formulation 12
effectively keeps the particles from agglomerating. The anti-
agglomeration polymer 14 is compatible with the aqueous
based coating formulation 12, and this compatibility extends
throughout the final drying stages of the formulation on a
substrate. The molecular weight and polymer chain lengths
associated with the anti-agglomeration polymer 14 are suffi-
cient to overcome van der Waals forces of attraction between
titanium dioxide particles which helps prevent agglomeration
of'the particles. It is believed that both electrostatic and steric
forces are responsible for dispersion stability of the pigment
particles in an aqueous based paint formulation; however, the
steric forces may play a dominant role to minimize the crowd-
ing effect of the pigment particles during drying of the paint
film.

The pigment surfactant 40 of the inventive titanium dioxide
pigment, when the pigment surfactant is utilized, enhances
the propensity of the anti-agglomeration polymer 14 to attach
(directly or indirectly) to the titanium dioxide particles 20.
Again, while not wanting to be bound by any particular theory
of operation, it is believed that the chains of the polymer 14
are strongly solvated by aqueous media which prevents the
chains from collapsing on the surfaces of the titanium dioxide
particles 20 onto which they are anchored. The pigment sur-
factant enhances the wetting of the titanium dioxide particles
(directly or as treated with one or more hydrous metal oxide
coatings) which aids in the anchoring of the polymer to the
pigment.

The fact that the anti-agglomeration polymer 14 and pig-
ment surfactant 40 (when used) can be deposited on the
titanium dioxide particles 20 during the pigment manufactur-
ing process allows the inventive titanium dioxide pigment 10
to be provided to and used by aqueous based coating formu-
lation manufacturers in dry or slurry form. The ability to
provide the finished pigment 10 in dry form allows it to be
readily added to existing coating formulations without creat-
ing compatibility issues and adversely affecting the formula-
tions. The coating formulations do not need to be modified to
accommodate the inventive titanium dioxide pigment. For
example, a paint manufacturer can merely add the inventive
titanium dioxide pigment 10 directly to an existing paint
formulation.

Due to the inhibition of particle agglomeration achieved by
the anti-agglomeration polymer 14, the inventive titanium
dioxide pigment has a higher dispersion stability and light
scattering efficiency, which results in an increased tint
strength. The uniform distribution of the pigment particles 20
during drying of a paint film with minimal crowding of the
particles makes the inventive pigment 10 very suitable for use
in connection with aqueous based coating formulations.

Due to the inhibition of agglomeration achieved by the
inventive titanium dioxide pigment 10, the inventive titanium
dioxide pigment is particularly effective for use in aqueous
based paint and other coating formulations that have a rela-
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tively high pigment volume concentration (“PVC”). Due to
the proximity of the titanium dioxide particles to one another,
particle agglomeration and optical crowding can be particu-
larly problematic at high PVCs. The inventive titanium diox-
ide pigment helps overcome this problem. For example, aque-
ous based coating formulations having a PVC of 15% and
higher can be formed using the inventive titanium dioxide
pigment 10 without sacrificing light scattering efficiency and
tint strength due to problematic agglomeration and optical
crowding.

The present invention is exemplified by the following
examples, which are given by way of example only and
should not be taken as limiting of the present invention in any
way.

Example |
Synthesis of Inventive Polymer

By the following prophetic example, one manner in which
the anti-agglomeration polymer of the inventive titanium
dioxide pigment can by synthesized is illustrated.

First, a hydroxy terminated polyester is synthesized by a
condensation reaction between polyethyleneglycol and adi-
pic acid. Approximately 374 grams of ethylene glycol are
placed in a one liter three necked flask equipped with a con-
denser, a gas inlet and a thermometer. The ethylene glycol is
heated under approximately 76 mm Hg to 90° C., at which
point 69 grams of adipic acid is added to the flask. The
reaction mixture in the flask is then heated to 200° C. The
water formed during the reaction is removed by distillation.
After approximately five hours, the pressure in the flask is
reduced to 25 mm Hg and the admixture was allowed to react
for 36 hours. The molecular weight of the resulting polymer
is estimated from the hydroxyl number to be approximately
2000.

Next, approximately 300 milliliters of toluene, 100 grams
of'polyethyleneglycol (having a molecular weight of approxi-
mately 8,000) and 10 g of the polyesterol synthesized above
are added to a three necked one liter flask equipped with a
condenser, a gas inlet and a thermometer. The mixture in the
flask is dried by passing nitrogen gas through the flask and
heating the contents of the flask to 100° C. The contents of the
flask are then cooled to 75° C. At this point, 0.1 grams of
dibutyl dilaurate, 3.4 grams of isophorone diisocyanate, and
0.09 grams of ethylene diamine are added to the flask and the
contents of the flask are stirred for 3 hours at 75° C. There-
after, 0.8 grams of heptaethylene glycol mono dodecyl ether
is added to the flask and the contents are stirred for an addi-
tional hour. The mixture is then cooled and the solvent is
evaporated to yield the anti-agglomeration polymer of the
inventive titanium dioxide pigment.

Utilizing the above general method, various forms of the
anti-agglomeration polymer of the inventive titanium dioxide
pigment are synthesized. The anti-agglomeration polymer is
synthesized with different combinations of polyether, poly-
ester and end groups. The molecular weights of the polymers
synthesized are in the range of from approximately 8000 to
approximately 50,000. Examples of anti-agglomeration
polymers that are synthesized are represented by the follow-
ing formulas and table:

@

E—C— NH—X —NH— C —(OCH,CH,),— O0— C — (CHy),,— C— (OCH,CH,),— 0—C—NH—X—NH—C—E
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wherein:
E has the following formula:

H—(OCH,CH,),—O—CH,(CH,),CH,—R 3)

w

wherein:

y=2 to 20;

zis from 5 to 10; and

R is a hydrogen group or a phenyl group;
X is isocyanate (isophorone diisocyanate);
n is 60 to 200; and

mis2to 12.

10

TABLE 1

Sample Anti-Agglomeration Polymers of Inventive Pigment

E
Polymer # Y R M
1 2 H 2 (succinic acid) 20
2 6 H 3 (glutaric acid)
3 7 H 4 (adipic acid)
4 9 H 9 (azelaic acid)
5 10 H 3
6 12 H 4
7 15 H 4
8 15 Phenyl 4 25
9 16 H 4
10 16 Phenyl 4

The anti-agglomeration polymer of the inventive titanium
dioxide pigment is not limited to the examples reflected by the
Formulas (2) and (3) and TABLE 1 above. For example, the

30

-continued
“TsOH
2 HO—CH—CH—0—H 2-2
Toluene

H o R o\/?\
\60/\%1/ \ﬂ/ SO+ 210
0 0

A 500 ml three-neck flask was charged with 90 g poly
(ethylene glycol) (Aldrich, MW 6k, 15 mmol), 1.095 g adipic
acid (Aldrich, MW 146 g/mol, 7.5 mmol) 0.022 g of pTsOH
para tolune sulfonic acid) (Aldrich, 2% catalyst based on
acid) and 160 ml toluene (Aldrich). The flask was put in an oil
bath, connected with Dean-Stark trap and reflux condenser.
The outlet of the condenser was connected with a drying
tower to prevent moisture absorption from air. The reaction
media was heated to reflux under magnetic agitation. When
all the solids were dissolved, the sample was tested using
FTIR for the starting spectrum. It was refluxed further under
agitation, and water was removed by azeotropic distillation,
forcing the reaction towards the right. Water was collected
from the bottom of the Dean-Stark trap. When no more water
was distilled out, it was refluxed further for one more hour.
The sample was tested with FTIR to prove the formation of
ester group and the elimination of carboxylic acid group. The
reaction was stopped when no detectable carboxylic acid was
presented from FTIR spectra. The final reaction media was
cooled down to room temperature and kept for next step.

Step 2: Isocyanate Terminated
Polyester-Poly(Ethylene-Glycol) Reaction Formula

H 0 R ow
fo/\%f\”/ NOH  +  20CN—R,—NCO ~—=
0 0

0 0
/Rl\ JLQ/\),O R O\/s\)l\ /Rl\
OCN NE Yo A T ~o0 NI NCO
0 0

50

anti-agglomeration polymer can be formed using different
combinations of end groups (E) and dioic (dicarboxylic)
acids as represented by Formulas (2) and (3) above.

Example 11 53
The anti-agglomeration polymer of the inventive titanium
dioxide pigment was synthesized using the procedure
described below.
60
Step 1: Ester Formation

HO. R OH

TT

65

The reaction media of step one was heated to 40-50° C.
until all the precipitated solids were dissolved. Next, 15.14 g
of the ester that was obtained in step 1 was reacted with
isophorone diisocyanate (IPDI, density 1.062, molecular
weight 222) separately. Under nitrogen protection, 0.555 g
(0.523 ml) of IPDI (2.5 mmol) and 50 ml toluene were
charged into one part of the reaction media of Step 1 ina 500
ml three-neck flask under agitation. Thereafter, 0.042 g (0.04
ml) of DBTDL (18% metal in DBTDL, density 1.05 g/ml,
0.05% metal on total resin) was also charged using a syringe.
Gradually the temperature was increased to 70° C. and main-
tained at such temperature for 8 hours. The reaction products

were then cooled down.
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Step 3: End Caps of Isocyanate-Terminated
Polyester-Poly(Ethylene-Glycol) with Decaethylene
Glycol Mono-Dodecyl Ether

18

0 0
Ry )Le N/O R Ow )I\ /Rl\ + kow\ -
oo S 0 s \”/ o NH NCO 2R OH
0 0

0
o 0 0 JJ\
O R O, R O
O\/ﬁ\)l\ PN )Lé/\%/ WJJ\/\ O/N\)\
R{Q o~ NH Nng Vo A \"/ o7 TNH N TR,
0 0

Next, 1.628 g of decaethylene glycol monododecyl ether
(2.6 mmol, 4% extra) and 50 ml of toluene were charged to a
250 ml flask. The potential residual water in decacthylene
glycol mono-dodecyl ether was removed by azeotropic dis-
tillation. The decaethylene glycol mono-dodecyl ether/tolu-
ene solution mixture was cooled. The mixture was then
charged into the reaction media of step 2 under agitation,
rinsed with 5 ml of toluene and charged into the reaction
media again. The temperature was gradually increased to 70°
C. A sample from the reaction mixture was characterized
using FTIR until no isocyanate group absorption peak
existed. Toluene was extracted from the media by rotary
evaporation. Water was added to make a 25% polymeric
dispersant aqueous solution.

Using the same general procedure, various other polymers
suitable for use as the polymer of the inventive titanium
dioxide pigment were synthesized using various dicarboxylic
acids and hydrophobic end groups as per Table 1.

Example 111
Comparative Testing of HEUR Resins

A number of existing, commercially available hydropho-
bically modified, ethoxylated urethane (“HEUR”) resins,
known to be useful as associative thickeners, were tested to
determine if they could be effectively utilized as an anti-
agglomeration polymer of a titanium dioxide pigment. The
HEUR resins that were tested are shown in TABLE 2 below:

TABLE 2

Sample HEUR Resins

Product Producer

Dow Chemical
Dow Chemical

Acrysol RM 825
Acrysol RM 2020

Bermodol PUR 2130 Akzo Nobel
Bermodol PUR 2150 Akzo Nobel
Borchi Gel 075 OMG

Borchi Gel 0434 OMG
BYK-425 BYK
BYK-428 BYK

DSX 1514 BASF

DSX 3291 BASF

DSX 3515 BASF

K-Stay 730 King Industries
K-Stay 731 King Industries
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TABLE 2-continued

Sample HEUR Resins

Product Producer
K-Stay -740 King Industries
Rheolate 644 Elementis
Rheolate 655 Elementis

The titanium dioxide pigment utilized in the tests described
in this example (including the standard pigment) was a com-
mercially available rutile titanium dioxide manufactured by
Tronox LLC in accordance with the chloride process and sold
in association with the trade designation CR-826.

Both dry and slurry samples of a titanium dioxide pigment
were prepared by adding various amounts of 0.1-0.5% (by
weight of TiO,) to the above HEUR polymers. The samples
were tested by measuring the tint strength (opacifying ability)
of the samples. The tint strength of each sample was deter-
mined as relative tint strength of the pigment in a water-borne
acrylic latex paint. In each test, the test pigment was com-
pared to a standard pigment to determine the relative tint
strength of the pigment.

In each test, the test sample and corresponding standard
pigment were each incorporated in a separate portion of a
freshly prepared acrylic, latex vehicle at a pigment volume
concentration (PVC) of 22.0%. A paint film from each por-
tion was then applied, side-by-side, on a Leneta card. The
gloss of'the dried films was measured from reflected light at a
60° angle using a gloss meter. Dry film tint strength was
determined as relative tint strength and was calculated from
the Y values, and tint tone was determined from the b* values
measured with an integrating sphere spectrophotometer. A
typical composition of the paint made from acrylic latex resin
is given below.

22% PVC Exterior Gloss Acrylic

Lbs Gals
Solvent 50.08 577
Dispersant 10.01 1.18
Wetting Agent 5.26 0.63
Defoamer 0.98 0.14
Water 12.02 1.19
TiO2 250.38 7.30
Water 28.17 3.57
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Lbs Gals

Water 40.89 4.90
Acrylic Latex Resin 544.47 62.12
Biocide 0.97 0.11
Defoamer 0.97 0.14
Coalescent 18.32 2.31
Water 42.25 5.07
Thickener 45.32 543
pH Adjustment 1.03 0.14
1051.10 100.00

TABLE 2A

Pigment Tint Strength in Paint Formulation when
made with commercially available HEUR polymers

Product Tint Strength
CR-826 Control 106
Acrysol RM 825 103
Acrysol RM 2020 105
Bermodol PUR 2130 106
Bermodol PUR 2150 104
Borchi Gel 075 107
Borchi Gel 0434 105
BYK -425 103
BYK-428 103
DSX 1514 107
DSX 3291 108
DSX 3515 104
K-Stay 730 102
K-Stay 731 105
K-Stay -740 104
Rheolate 644 104
Rheolate 655 106

As shown by the results, none of the HEUR resins was
effective in increasing the tint strength of the titanium dioxide
pigments.

Tests of Inventive Titanium Dioxide Pigment

The titanium dioxide pigment utilized in the tests described
in EXAMPLES IV-VII below (including the standard pig-
ment) was a commercially available rutile titanium dioxide
manufactured by Tronox LLC in accordance with the chlo-
ride process and sold in association with the trade designation
CR-826.

Example IV
Preparation of Test Samples

First, an alumina treated titanium dioxide that did not con-
tain the anti-agglomeration polymer of the inventive titanium
dioxide pigment (Comparative Test Sample 4) was prepared.

Approximately 1500 grams of raw titanium dioxide pig-
ment were dispersed in water in the presence of 0.10% by
weight (based on the weight of the pigment) of sodium hex-
ametaphosphate dispersant, along with a sufficient amount of
sodium hydroxide to adjust the pH of the slurry to a value of
9.5 or greater. This resulted in the formation of an aqueous
slurry containing approximately 35% by weight, based on the
total weight of the slurry, of titanium dioxide particles.

The pigment slurry was then sand milled using zircon sand
ata zircon sand-to-pigment weight ratio of4:1, until a volume
average particle size was achieved wherein more than 90% of
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the particles were smaller than 0.63 microns as determined
utilizing a Microtrac X100 Particle Size Analyzer (Microtrac
Inc., Montgomeryville, Pa.).

Next, the slurry was diluted to have a titanium dioxide
concentration of approximately 30% by weight, based on the
total weight of the slurry, and heated to 75° C. The slurry was
then treated with 3.0% by weight, calculated as silica by
weight of final pigment, of sodium silicate by adding the
sodium silicate over 20 minutes as a 250 grany/liter aqueous
sodium silicate solution (Si0,:Na,0=3.5). While maintain-
ing the temperature at 75° C., the pH of the slurry was slowly
decreased to pH=5.5 over a 55 minute period via the slow
addition of 36% by weight aqueous sulfuric acid solution.
Following a digestion period of 15 minutes at pH=7, 2.0%
alumina, by weight of final pigment, was added over 20
minutes as a 180 grany/liter aqueous sodium aluminate solu-
tion, while maintaining the pH of the slurry between a value
of 7 and 8.0 via the concomitant addition of 36% aqueous
sulfuric acid solution.

The dispersion was allowed to equilibrate at 75° C. for 15
minutes, at which point the pH of the slurry was re-adjusted to
5.5, as necessary. At this point, the slurry was filtered while it
was still hot. The resulting filter cake was washed with an
amount of water, which had been preheated to 60° C., equal to
1.5 times the estimated weight of recovered pigment.

The washed semi-solid filter cake was subsequently re-
dispersed in water with agitation and dried using an APV
Nordic PSD52 Spray Dryer (Invensys APV Silkeborg, Den-
mark), maintaining a dryer inlet temperature of approxi-
mately 280° C., to yield a dry pigment powder. The dry
pigment powder was then steam micronized in the presence
01'0.35% by weight, based on the total weight of the pigment,
of trimethylolpropane, utilizing a steam to pigment weight
ratio of 1.8, with a steam injector pressure set at 146 psi and
micronizer ring pressure set at 118 psi.

By the above steps, a dry treated titanium dioxide pigment
(Comparative Test Sample 4) having a dense silica coating
and an alumina coating deposited thereon in two sequential
wet treatment steps was manufactured. The amount of the
alumina deposited on the pigment in the wet treatment step
was 2.0% by weight, based on the total weight ofthe pigment.
The amount of the silica deposited on the pigment in the wet
treatment step was 3.0% by weight, based on the total weight
of the pigment.

Next, a first sample of the inventive titanium dioxide pig-
ment (Inventive Test Sample 4A) was prepared utilizing the
same procedure described above, except that the anti-ag-
glomeration polymer was added to the pigment following the
steam micronization step. The anti-agglomeration polymer
used was polyethyleneglycol based adipate with heptaethyl-
eneglycol dodecyl ether as end groups, which is Polymer #3
in TABLE 1 above. This polymer comprises approximately
60% by weight of a polyether based repeating unit, 35% by
weight of a polyester based repeating unit and 5% by weight
of hydrophobic end groups, based on the total weight of the
polymer. The polymer has a molecular weight of approxi-
mately 1200.

The anti-agglomeration polymer was added to the treated
pigment in an amount of 0.1% by weight, based on the weight
of the titanium dioxide in the sample.

A second sample of the inventive titanium dioxide pigment
(Inventive Test Sample 4B) was then prepared utilizing the
same pigment, polymer and procedure described above in
connection with the first sample of the inventive titanium
dioxide pigment, except in this sample, prior to adding the
polymer to the pigment, a non-ionic surfactant was added to
the drier feed prior to drying but after washing the titanium
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dioxide particles. The non-ionic surfactant utilized was ECO-
SURF™ [ F-45 (a non-ionic secondary alcohol alkoxylate
surfactant sold by The Dow Chemical Company). This sur-
factant had a hydrophilic-lipophilic balance (HL.B) value of
13. The non-ionic surfactant was added to the pigment in an
amount of 0.2% by weight, based on the weight of the tita-
nium dioxide particles.

Measurement of Tint Strength

5

22
tion polymer. TABLE 3 also shows that depositing a non-
ionic surfactant on the titanium dioxide particles increases the
tint strength of the pigment to an even higher level.

Example V

In this example, the same tint strength tests were repeated
on the same comparative treated titanium dioxide pigment
(Comparative Test Sample 4) and samples of the inventive

10 titanium dioxide pigment (Inventive Test Samples 4A and
Comparative Test Sample 4 and Inventive Test Samples 4A 4B)tested in EXAMPLE III, except in these tests the pigment
and 4B, each a dry pigment sample, were then tested by samples (Comparative Test Sample 5 and Inventive Test
measuring the tint strength (opacifying ability) of the Samples SA and 5B) were tested in slurry form as opposed to
samples. The tint strength of each sample was determined as s dry form. )
relative tint strength of the pigment in a water-borne acrylic The test samples were prepared using .the Same compo-
latex paint. In each test, the test pigment was compared to a ~ nents and in the same manner as set forth in EXAMPLE 1.
standard pigment to determine the relative tint strength of the ~ Similarly, the tint strength tests were carried out using the
pigment. same procedure set forth in EXAMPLE III. However, prior to
In each test, the test sample and corresponding standard adding the pigment samples (and standard pigment samples)
pigment were each incorporated in a separate portion of a to the paint fomulatlons, the samples were 1ncgrp0rated into
freshly prepared acrylic, latex vehicle at a pigment volume aqueous slmngs. The aqueous pigment slurries were then
concentration (PVC) of 22.0%. A paint film from each por- added to the paint formulations. ) )
tion was then applied, side-by-side, on a Leneta card. The Bach test slurry was prepared by first adding the anti-
gloss of the dried films was measured from reflected light at a agglomeration polymer to the water. Next, the titanium diox-
60° angle using a gloss meter. Dry film tint strength was 25 ide pigment and then a polyelectrolyte dispersant were added
determined as relative tint strength and was calculated from ~ to the slurry. The slurry was ground at high speed for 10
the Y values, and tint tone was determined from the b* values minutes. The amount of Fhe pigment in each SlurW was
measured with an integrating sphere spectrophotometer. A approximately 77% by weight, based on the total weight of
typical composition of the paint made from acrylic latex resin the slurry. )
is given below. 30 The results of the tests are shown in TABLE 4 below:
22% PVC Exterior Gloss Acrylic TABLE 4
Pigment Tint Strength in Paint Formulation
35 (Pigment in Slurry Form)
Lbs Gals Pigment Sample Tint Strength*
Solvent 50.08 5.77 Comparative Test Sample 5 106
Dispersant 10.01 1.18 Inventive Test Sample 5A 115
Wetting Agent 5.26 0.63 Inventive Test Sample 5B 119
Defoamer 0.98 0.14 40
Water 12.02 1.19 *relative tinting strength, or tint strength, determined in a 22 PVC water-borne acrylic latex
TiO2 250.38 7.30 paint
A 28.17 3.57 .
Wzt: 20.89 290 As shown by TABLE 4, the same results were achieved by
Acrylic Latex Resin 544.47 62.12 the inventive titanium dioxide pigment even though the pig-
Biocide 0.97 0.11 45 ment was added to the paint formulation in slurry form.
Defoamer 0.97 0.14
Coalescent 18.32 231
Water 4225 5.07 Example VI
Thickener 45.32 543
pH Adjustment 1.03 0.14 In this example, the same titanium dioxide pigment test
50 samples prepared in accordance with EXAMPLE III were
1051.10 100.00 . . .
prepared, except in these samples, the anti-agglomeration
polymer utilized was a polyethyleneglycol based adipate with
The results of the tests are shown by TABLE 3 below: dodecaethyleneglycol dodecyl ether as end groups instead of
apolyethyleneglycol based adipate with heptaethylene glycol
TABLE 3 55 dodecyl ether as end groups. The polyethyleneglycol based
adipate with dodecaethyleneglycol dodecyl ether as end
Pigment Tint Strength in Paint Formulation (Pigment in Dry Form groups is Polymer #6in TABLE 1 above. This polymer com-
Pigment Sample Tint Strength* prises.appro.ximately 65% by weight of a polyether ba;ed
repeating unit, 30% by weight of a polyester based repeating
Comparative Test Sample 4 107 60 unit and 5% by weight of hydrophobic end groups, based on
Inventive Test Sample 4A 14 the total weight of the polymer. The polymer has a molecular
Inventive Test Sample 4B 118 . . poly . poly
weight of approximately 15,000.
*relative tinting strength, or tint strength, determined in a 22 PVC water-borne acrylic latex The IlOIl-iOIliC Surfactant used 1o fOI‘In InVentiVe Test
paint .
Sample 3B was also used to prepare the corresponding test
TABLE 3 illustrates that the inventive titanium dioxide 65 sample in this example; however, in this example, the non-

pigment exhibits a substantial increase in tint strength as
compared to the same pigment without the anti-agglomera-

ionic surfactant was added together with the anti-agglomera-
tion polymer during the post micronization step.
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The same tint strength tests carried out on the comparative
treated titanium dioxide pigment (Comparative Test Sample
4) and samples of the inventive titanium dioxide pigment
(Inventive Test Samples 4A and 4B) in EXAMPLE III were
then carried out on these test samples (Comparative Test
Sample 6 and Inventive Test Samples 6 A and 6B). The results
of the tests are set forth below:

TABLE §

Pigment Tint Strength in Paint Formulation (Pigment in Dry Form)

Pigment Sample Tint Strength*
Comparative Test Sample 6 106
Inventive Test Sample 6A 115
Inventive Test Sample 6B 120

*relative tinting strength, or tint strength, determined in a 22 PVC water-borne acrylic latex
paint

TABLE 5 illustrates that the inventive titanium dioxide
pigment exhibits a substantial increase in tint strength as
compared to the same pigment without the anti-agglomera-
tion polymer. TABLE 5 also shows that depositing a non-
ionic surfactant on the titanium dioxide particles increases the
tint strength of the pigment to an even higher level.

Example VII

In this example, the same tint strength tests were repeated
on the same comparative treated titanium dioxide pigment
(Comparative Test Sample 6) and samples of the inventive
titanium dioxide pigment (Inventive Test Samples 6A and
6B) tested in EXAMPLE V, except in these tests the pigment
samples (Comparative Test Sample 7 and Inventive Test
Samples 7A and 7B) were tested in slurry form as opposed to
dry form.

The test samples were prepared using the same compo-
nents and in the same manner as set forth in EXAMPLE V.
Similarly, the tint strength tests were carried out using the
same procedure set forth in EXAMPLE V. However, prior to
adding the pigment samples (and standard pigment samples)
to the paint formulations, the samples were incorporated into
aqueous slurries. The aqueous pigment slurries were then
added to the paint formulations.

Each test slurry was prepared by first adding the non-ionic
surfactant and anti-agglomeration polymer to the water. Next,
the titanium dioxide pigment and then a sodium hexameta-
phosphate dispersant were added to the slurry. The slurry was
ground at high speed for 10 minutes. The amount of the
pigment in each slurry was approximately 77% by weight,
based on the total weight of the slurry.

The results of the tests are shown in TABLE 6 below:

TABLE 6

Pigment Tint Strength in Paint Formulation
(Pigment in Slurry Form)

Pigment Sample Tint Strength*

106
117
121

Comparative Test Sample 7
Inventive Test Sample 7A
Inventive Test Sample 7B

*relative tinting strength, or tint strength, determined in a 22 PVC water-borne acrylic latex
paint

As shown by TABLE 6, the same results were achieved by
the inventive titanium dioxide pigment formed using the anti-
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agglomeration polymer described in EXAMPLE V even
though the pigment was added to the paint formulation in
slurry form.

Example VIII
Preparation of Test Samples

The titanium dioxide pigment utilized in this example (in-
cluding the standard pigment) was a commercially available
rutile titanium dioxide manufactured by Tronox LLC in
accordance with the chloride process and sold in association
with the trade designation CR-828.

First, an alumina treated titanium dioxide that did not con-
tain the anti-agglomeration polymer of the inventive titanium
dioxide pigment (Comparative Test Sample 3) was prepared.

Approximately 1500 grams of raw titanium dioxide pig-
ment were dispersed in water in the presence of 0.1% by
weight (based on the weight of the pigment) of sodium hex-
ametaphosphate dispersant, along with a sufficient amount of
sodium hydroxide to adjust the pH of the slurry to a minimum
value of 9.5. This resulted in the formation of an aqueous
slurry containing approximately 35% by weight, based on the
total weight of the slurry, of titanium dioxide particles.

The pigment slurry was then sand milled using zircon sand
ata zircon sand-to-pigment weight ratio of4:1, until a volume
average particle size was achieved wherein more than 90% of
the particles were smaller than 0.63 microns as determined
utilizing a Microtrac X100 Particle Size Analyzer (Microtrac
Inc., Montgomeryville, Pa.).

The slurry was then heated to 70° C., acidified to a pH of
about 4-5.0 using concentrated sulfuric acid, then treated with
zirconia. The total amount of zirconia added to the slurry was
0.25% by weight, based on the weight of the titanium dioxide
in the slurry. The zirconia was added rapidly as a 200 gram/
liter aqueous zirconium oxychloride solution, over a five
minute period.

After the addition of the zirconium oxychloride, the slurry
was maintained at 70° C., adjusted to a pH of 8.0 using a
sodium aluminate solution, and then treated with alumina.
The total amount of alumina added to the slurry was 2.8% by
weight, based on the weight of the titanium dioxide in the
slurry. The alumina was added as a 357 gram/liter aqueous
sodium aluminate solution over a fifteen minute period. Dur-
ing the addition of the sodium aluminate solution, the pH of
the slurry was maintained between a value of 8.0 and 8.5 via
the addition of sulfuric acid. After the addition of the sodium
aluminate solution, the slurry was allowed to digest for 15
minutes at 70° C.

The dispersion was then filtered while hot. The resulting
filtrate was washed with an amount of water, which had been
preheated to 60°. The washed semi-solid filter cake was dried
using an APV Nordic PSD52 Spray Dryer (Invensys APV,
Silkeborg, Denmark), maintaining a dryer inlet temperature
of approximately 280° C., to yield a dry pigment powder. The
dry pigment powder was then steam micronized in the pres-
ence 0f0.35% by weight, based on the weight of the titanium
dioxide, of trimethylolpropane, utilizing a steam to pigment
weight ratio of 1.8, with a steam injector pressure set at 146
psi and micronizer ring pressure set at 118 psi.

By the above steps, a dry treated titanium dioxide pigment
(Comparative Test Sample 7) having a zirconia coating and an
alumina coating deposited thereon in two sequential wet
treatment steps was manufactured. The amount of the zirco-
nia deposited on the pigment in the wet treatment step was
0.25% by weight, based on the total weight of the pigment.
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The amount of the alumina deposited on the pigment in the
wet treatment step was 2.8% by weight, based on the total
weight of the pigment.

Next, a first sample of the inventive titanium dioxide pig-
ment (Inventive Test Sample 8A) was prepared utilizing the
same procedure described above, except that the anti-ag-
glomeration polymer was added to the pigment following the
steam micronization step. The anti-agglomeration polymer
used was polyethyleneglycol based adipate with heptaethyl-
eneglycol dodecyl ether as end groups, which is Polymer #3
in TABLE 1 above. This polymer comprises approximately
60% by weight of a polyether based repeating unit, 35% by
weight of a polyester based repeating unit and 5% by weight
of hydrophobic end groups, based on the total weight of the
polymer. The polymer has a molecular weight of approxi-
mately 12,000.

The anti-agglomeration polymer was added to the treated
pigment in an amount of 0.1% by weight, based on the weight
of the titanium dioxide in the sample.

A second sample of the inventive titanium dioxide pigment
(Inventive Test Sample 8B) was then prepared utilizing the
same pigment, polymer and procedure described above in
connection with the first sample of the inventive titanium
dioxide pigment, except in this sample, prior to adding the
polymer to the pigment, a non-ionic surfactant was added to
the drier feed (after washing but before drying) of the titanium
dioxide particles. The non-ionic surfactant utilized was
ENVIROGEM® 2010 (a multifunctional surfactant sold by
Air Products and Chemicals, Inc.). The surfactant and had a
hydrophilic-lipophilic balance (HLB) value of 13. The non-
ionic surfactant was added to the pigment in an amount of
0.2% by weight, based on the weight of the titanium dioxide
particles in the sample.

Measurement of Tint Strength

Comparative Test Sample 8 and Inventive Test Samples 8A
and 8B, each a dry pigment sample, were then tested by
measuring the tint strength (opacifying ability) of the
samples. The tint strength of each sample was determined as
relative tint strength of the pigment in a water-borne acrylic
latex paint. In each test, the test pigment was compared to a
standard pigment to determine the relative tint strength of the
pigment.

In each test, the test sample and corresponding standard
pigment were each incorporated in a separate portion of a
freshly prepared acrylic, latex vehicle at a pigment volume
concentration (PVC) of 22.0%. A paint film from each por-
tion was then applied, side-by-side, on a Leneta card. The
gloss of'the dried films was measured from reflected light at a
60° angle using a gloss meter. Dry film tint strength was
determined as relative tint strength and was calculated from
theY values, and tint tone was determined from the b* values
measured with an integrating sphere spectrophotometer.

A typical composition of the paint made from acrylic latex
resin is given below.

22% PVC Exterior Gloss Acrylic

Lbs Gals
Solvent 50.08 5.77
Dispersant 10.01 1.18
Wetting Agent 5.26 0.63
Defoamer 0.98 0.14
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-continued
Lbs Gals

‘Water 12.02 1.19
TiO2 250.38 7.30
‘Water 28.17 2.57
‘Water 40.89 4.90
Acrylic Latex Resin 544.47 62.12
Biocide 0.97 0.11
Defoamer 0.97 0.14
Coalescent 18.32 2.31
‘Water 42.25 5.07
Thickener 45.32 543
pH Adjustment 1.03 0.14

1051.10 100.00

The results of the tests are shown by TABLE 7 below:

TABLE 7

Pigment Tint Strength in Paint Formulation (Pigment in Dry Form)

Pigment Sample Tint Strength*

Comparative Test Sample 8 107
Inventive Test Sample 8A 123
Inventive Test Sample 8B 125

*r;lattive tinting strength, or tint strength, determined in a 22 PVC water-borne acrylic latex
pain

TABLE 7 illustrates that the inventive titanium dioxide
pigment exhibits a substantial increase in tint strength as
compared to the same pigment without the anti-agglomera-
tion polymer. TABLE 7 also shows that depositing a non-
ionic surfactant on the titanium dioxide particles increases the
tint strength of the pigment to an even higher level.

Example IX

The titanium dioxide pigment utilized in the tests described
in this example was a commercially available rutile titanium
dioxide manufactured by Tronox LL.C in accordance with the
chloride process and sold in association with the trade desig-
nation CR-813.

Preparation of Test Samples

First, an alumina treated titanium dioxide that did not con-
tain the anti-agglomeration polymer of the inventive titanium
dioxide pigment (Comparative Test Sample 9) was prepared.

Approximately 1500 grams of raw titanium dioxide pig-
ment were dispersed in water in the presence of 0.15% by
weight (based on the weight of the pigment) of sodium hex-
ametaphosphate dispersant, along with a sufficient amount of
sodium hydroxide to adjust the pH of the slurry to a value of
9.5 or greater. This resulted in the formation of an aqueous
slurry containing approximately 35% by weight, based on the
total weight of the slurry, of titanium dioxide particles.

The pigment slurry was then sand milled using zircon sand
ata zircon sand-to-pigment weight ratio of4:1, until a volume
average particle size was achieved wherein more than 70% of
the particles were smaller than 0.63 microns as determined
utilizing a Microtrac X100 Particle Size Analyzer (Microtrac
Inc., Montgomeryville, Pa.).

The slurry was then heated to 70° C. The pH of the slurry
was adjusted to 1.5 and the slurry was allowed to digest for 15
minutes in order to create anchoring sites on the pigment
particles to assist in the formation of hydrous metal oxide
coatings thereon.
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After the aqueous slurry was allowed to digest for 15
minutes, 400 ml of sodium silicate were added to the aqueous
slurry which caused a coating of silica particles to precipitate
on the base pigment particles. The pH was then increased to
4.5 and maintained at this level.

Thereafter, the pH of the aqueous slurry was increased to
11 by adding 90 m] of sodium aluminate. The pH of the slurry
was then adjusted to less than 5 and the slurry was allowed to
digest for an additional 15 minutes in order to allow the pH of
the slurry to stabilize.

The slurry was then filtered to recover the coated pigment
therefrom, and the coated pigment was washed to remove
soluble salts therefrom. The resulting filter cake was dried in
an oven. The dry pigment powder was then steam micronized
inthe presence 0f0.15% by weight, based on the weight of the
pigment, of trimethylolpropane, utilizing a steam to pigment
weight ratio of 1:5, with a steam injector pressure set at 146
psi and micronizer ring pressure set at 118 psi, completing the
finished pigment preparation.

By the above steps, a dry treated titanium dioxide pigment
(Comparative Test Sample 9) having a fluffy silica coating
and an alumina coating deposited thereon in two sequential
wet treatment steps was manufactured. The amount of the
silica deposited on the pigment in the wet treatment step was
8% by weight, based on the total weight of the pigment. The
amount of the alumina deposited on the pigment in the wet
treatment step was 4% by weight, based on the total weight of
the pigment.

Next, a sample of the inventive titanium dioxide pigment
(Inventive Test Sample 9A) was prepared utilizing the same
procedure described above, except that the anti-agglomera-
tion polymer was added to the pigment following the steam
micronization step. The anti-agglomeration polymer used
was polyethyleneglycol based adipate with heptaethyleneg-
lycol dodecyl ether as end groups, which is Polymer #3 in
TABLE 1 above. This polymer comprises approximately
60% by weight of a polyether based repeating unit, 35% by
weight of a polyester based repeating unit and 5% by weight
of hydrophobic end groups, based on the total weight of the
polymer. The polymer has a molecular weight of approxi-
mately 12,000.

The anti-agglomeration polymer was added to the treated
pigment in an amount of 0.1% by weight, based on the weight
of the titanium dioxide in the sample.

Measurement of Tint Strength and Tint Tone

Tint strength and tint tone were measured using a 60%
PVC (pigment volume concentration) latex emulsion formu-
lation (flat) tinted with carbon black. The PVC of the paint
was above the CPVC (critical pigment volume concentration)
for this system. A sample and a standard pigment were pre-
pared in identical formulations.

Both paints were then drawn down side-by-side on a Len-
eta card. The CIE L* and b* values of the dried paints were
measured using an integrating sphere spectrophotometer and
these values used to calculate the tint strength and tint tone.

Tint strength was calculated using the Kubelka Munk
Equation where:

(5

S )Srandard

Tint Strength= X AssignedValue

S/ sampte
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where: K=Absorbance of carbon black pigment
S=Scatter of titanium dioxide pigment
Tint Tone was calculated as follows:

Tint Tone=b s, mpre *~Dsandara™ +AssignedValue;

The composition of the paint is shown below:

60% PVC Flat Latex
Lbs Gals
Water 100.0 12.00
Thickener 100.0 12.00
Fluidizing Agent 1.5 0.15
Dispersant 7.0 0.75
Wetting Agent 2.0 0.25
Solvent 23.0 2.50
Defoamer 1.0 0.12
Biocide 1.5 0.15
TiO, 150.0 4.69
China Clay 75.0 342
Kaolin Clay 75.0 349
Cal-White 150.0 6.67
Coalescent 6.0 0.76
Water 100.0 12.00
Thickener 133.0 15.97
Defoamer 1.0 0.12
Vinyl Acrylic Latex 226.0 25.00
Total 1152.0 100.04

Ink stain was measured using an untinted drawdown of the
same paint used in the tint strength test. The CIE L* of the
dried film was measured using a integrating sphere spectro-
photometer. A 1.0 mil drawdown of ink was applied to the
paint film and allowed to penetrate for 2 minutes. The ink was
then removed by vigorous rubbing with a naphtha based
solvent and the CIE L* value again read.

The ink stain value was then calculated as follows:

InkStain=L . orepnr “~Lafrersnr s

Oil absorption was measured using a spatula rub-out
method similar to ASTM D281-95. The only deviation from
the ASTM method was the use of 5 grams of pigment in both
the test and the calculations so that the result is still reported
as grams of oil required to wet 100 grams of pigment.

The test data is provided in TABLE 8, together with com-
parative results from two finished pigment samples. The first
sample was prepared utilizing the same procedure described
above. The inventive test sample was prepared by adding
0.1% of'the anti-agglomeration polymer (#3 from the TABLE
1) (by weight of TiO,) at the post micronization step. No
surfactant was added in this example.

TABLE 8

Titanium Dioxide Base Pigment with Silica and Alumina Coatings

BET
Oil Surface
Specific Tint Tint Ink Absorp- Area
pH Resistance Strength Tone Stain  tion (m?/g)
Comparative 9.0 9,990 109  -3.74 -8.3 46 36
Test
Sample 9A
Inventive 89 9,270 127  -3.82 -84 44 40
Test
Sample 9A

TABLE 8 illustrates that the inventive titanium dioxide
pigment exhibits a substantial increase in tint strength as
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compared to the same pigment without the anti-agglomera-
tion polymer. TABLE 8 also shows the anti-agglomerating
polymer works well with flat grade pigment similar to enamel
grade pigment.

Thus, the present invention is well adapted to carry out the
objects and attain the ends and advantages mentioned as well
as those which are inherent therein.

What is claimed is:

1. A titanium dioxide pigment, comprising:

aplurality of titanium dioxide particles, said particles hav-

ing anchoring moieties associated therewith for facili-
tating anchoring of a polymer to said particles; and

a polymer deposited on said titanium dioxide particles for

inhibiting agglomeration of said titanium dioxide par-
ticles in an aqueous based coating formulation, wherein
said coating formulation includes an aqueous based sol-
vent and a resin, and wherein said polymer is a copoly-
mer having anchoring groups for attaching to said
anchoring moieties associated with said titanium diox-
ide particles, and hydrophobic end groups for interact-
ing with particles of said resin of said coating formula-
tion to form a network between said titanium dioxide
particles and said resin particles in said coating formu-
lation.

2. The titanium dioxide pigment of claim 1, wherein said
titanium dioxide particles are manufactured by either the
sulfate process or the chloride process.

3. The titanium dioxide pigment of claim 1, wherein said
titanium dioxide particles are rutile titanium dioxide particles
manufactured by the chloride process.

4. The titanium dioxide pigment of claim 1, wherein said
aqueous based coating formulation is an aqueous based paint
formulation.

5. The titanium dioxide pigment of claim 1, wherein said
anchoring moieties are selected from the group consisting of
hydroxyl moieties, phosphate moieties and mixtures thereof.

6. The titanium dioxide pigment of claim 5, wherein said
anchoring moieties are hydroxyl moieties.

7. The titanium dioxide pigment of claim 1, further com-
prising one or more hydrous metal oxide coatings deposited
on said titanium dioxide particles.

8. The titanium dioxide pigment of claim 1, wherein said
polymer has both hydrophobic moieties and hydrophilic moi-
eties.

9. The titanium dioxide pigment of claim 8, wherein said
polymer includes a polyether based repeating unit and a poly-
ester based repeating unit, said polyether based repeating unit
and said polyester based repeating unit being linked together.

10. The titanium dioxide pigment of claim 9, wherein said
polyether based repeating unit is a polyol.

11. The titanium dioxide pigment of claim 10, wherein said
polyol is selected from the group of polyethyleneglycol, tri-
methylolpropane, pentaerythritol, mannitol, and mixtures
thereof.

12. The titanium dioxide pigment of claim 11, wherein said
polyol is polyethyleneglycol.

13. The titanium dioxide pigment of claim 9, wherein said
polyester based repeating unit is a hydroxyl terminated poly-
ester.

14. The titanium dioxide pigment of claim 13, wherein said
hydroxyl terminated polyester is formed by reacting a polyol
with a dicarboxylic acid.

15. The titanium dioxide pigment of claim 14 wherein said
polyol reacted with a dicarboxylic acid is polyethyleneglycol.

16. The titanium dioxide pigment of claim 15 wherein said
dicarboxylic acid is selected from the group of glutaric acid,
adipic acid, azelaic acid and mixtures thereof.
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17. The titanium dioxide pigment of claim 9, wherein said
polyether based repeating unit and said polyester based
repeating unit are linked together by a urethane linkage.

18. The titanium dioxide pigment of claim 17, wherein said
urethane linkage is a diisocyanate.

19. The titanium dioxide pigment of claim 18, wherein said
urethane linkage is an aliphatic diisocyanate.

20. The titanium dioxide pigment of claim 19, wherein said
aliphatic diisocyanate is isophorone diisocyanate.

21. The titanium dioxide pigment of claim 9, wherein said
hydrophobic end groups have the general formula:

H—(OCH,CH,),—O—CH,(CH,),CH,—R

wherein:
x=2 to 20;
y=5to 10; and
R is a hydrogen group or a phenyl group.

22. The titanium dioxide pigment of claim 21, wherein said
hydrophobic end groups are oligomers of ethyleneglycol
alkyl ethers.

23. The titanium dioxide pigment of claim 22, wherein said
hydrophobic end groups are selected from heptaethylenegly-
col dodecyl ether, dodecaethyleneglycol dodecyl ether, pen-
tadecaethyleneglycol dodecyl ether and mixtures thereof.

24. The titanium dioxide pigment of claim 23, wherein said
hydrophobic end groups are dodecaethyleneglycol dodecyl
ether.

25. The titanium dioxide pigment of claim 9, wherein said
polymer comprises in the range of from about 50% to about
80% by weight of said polyether based repeating unit, in the
range of from about 5% to about 40% by weight of said
polyester based repeating unit, and in the range of from about
0.5% to about 15% by weight of said hydrophobic end
groups.

26. The titanium dioxide pigment of claim 1, wherein said
polymer is a random copolymer of polyether based polyure-
thanes and polyester based polyurethanes having end groups
that are oligomers of ethyleneglycol alkyl ethers.

27. The titanium dioxide pigment of claim 26, wherein said
polymer is selected from the group of a polyethyleneglycol
based adipate with heptaethyleneglycol dodecyl ether as end
groups, a polyethyleneglycol based adipate with dodecaeth-
yleneglycol dodecyl ether as end groups, and a polyethyl-
eneglycol based azileate with pentadecaethyleneglycol dode-
cyl ether as end groups.

28. The titanium dioxide pigment of claim 27, wherein said
polymer is a polyethyleneglycol based adipate with heptaeth-
yleneglycol dodecyl ether as end groups.

29. The titanium dioxide pigment of claim 1 wherein said
polymer has a molecular weight in the range of from about 10
kilodaltons to about 70 kilodaltons.

30. The titanium dioxide pigment of claim 1, further com-
prising a non-ionic surfactant deposited on said titanium
dioxide particles for enhancing the propensity of said poly-
mer to attach to said titanium dioxide particles.

31. The titanium dioxide pigment of claim 30, wherein said
non-ionic surfactant is a hydrocarbon having in the range of
from 10 to 20 carbon atoms.

32. The titanium dioxide pigment of claim 31, wherein said
non-ionic surfactant is selected from the group of' a) saturated
aliphatic hydrocarbons, b) unsaturated aliphatic hydrocar-
bons having one or more double bonds, ¢) unsaturated ali-
phatic hydrocarbons having one or more ethoxylated hydro-
carbon chains, and d) mixtures thereof.

33. The titanium dioxide pigment of claim 31, wherein said
non-ionic surfactant includes one or more functional groups
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selected from the group of amines, amides, carboxylates,
esters, hydroxyls, phosphates, silanes, sulfonates, and thiols.

34. The titanium dioxide pigment of claim 33, wherein said
non-ionic surfactant has a hydrophilic-lipophilic balance of
10 to 18. 5

35. The titanium dioxide pigment of claim 30, wherein said
non-ionic surfactant is deposited on said pigment in an
amount in the range of from about 0.1 to about 5% by weight,
based on the total weight of said pigment.

36. The titanium dioxide pigment of claim 17, wherein said 10
aqueous based coating formulation is an aqueous based paint
formulation.



